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CLAIMS 



(57)[Claim(s)] 
[Claim 1] 

It is the rare earth permanent magnet provided with a magnet element assembly containing 
a rare earth element and a protective film provided in this magnet element assembly, 
Said protective film laminates a p type semiconductor layer and a n type semiconductor 
layer sequentially from [ this ] said magnet element assembly side, and hasthem, 
Said p type semiconductor layer is constituted by chr o me oxide (Cr^), cobalt oxide 

(CoO), nickel oxide (NiO), or copper oxide (Cu g O), 
Said n type semiconductor la yer Silicon oxide (SiO J, an aluminum oxide 
(aluminum 2 OJ. Tin oxide (SnO J, lead oxide (PbO. PbO J, bismuth oxide (Bi^.Jjtanium 
oxide (TiO J, vanadium oxide (V -O J.Iron oxide (FeO. FeOJ and cobalt oxide (Co ^Oj.A 
zinc oxide TznOV zirconium oxide (ZrO J, niobium oxide (Nb^ . Molybdenum oxide 
(MoQ 3 ), oxidation hafnium (HfO J. Tantalum oxide (Ta^ Oj, tungstic oxide 
(WO^ Maonesium oxide (MgO )7a calcium oxide (CaO). strontium oxide (SrO), It is 
constituted by barium oxide (BaO ), a lanthanum trioxide (La.Oj, silicon oxynitride (SiO ^ 
( 0< x<1)), or silicon nitride (S'u N 1 ) . 

X — — 

A rare earth permanent magnet characterized by things. 
[Claim 2] 

The rare earth permanent magnet according to claim 1 , wherein said p type semiconductor 
layer and said n type semiconductor layer are constituted by a noncrystalline 
semiconductor, respectively. 
[Claim 3] 

The rare earth permanent magnet according to claim 1 or 2, wherein thickness of sa.d 
protective film is less than 5 micrometers. 
[Claim 4] 
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Said p type semiconductor layer is constituted by chrome oxide, 
Said n type semiconductor layer is constituted by titanium oxide. 

The rare earth permanent magnet according to any one of claims 1 to 3 characterized by 

things. 
[Claim 5] 

A process of forming a protective film which has a p type semiconductor layer and a n type 
semiconductor layer sequentially from the magnet element assembly side by a chemical- 
vapor-deposition method is included in a magnet element assembly containing a rare earth 
element, 

Said p type semiconductor layer is constituted by chrome oxide (Cr JD J, cobalt oxide 

(CoO), nickel oxide (NiO), or copper oxide (Cu JD), 

Said n type semiconductor layer Silicon oxide (SiO J, an aluminum oxide 

(aluminum O A Tin oxide (SnO ), lead oxide (PbO, PbO ), bismuth oxide (BU Q 3 ) Jjtanjum 

oxide (TiO J, vanadium oxide ^ CU. Iron oxide (FeO, FeO J and cobalt oxide (Co ^O^A 

zinc oxide (ZnO), zirconium oxide (ZrO J, niobium oxide (Nb 2 Q c ), Molybdenum oxide 

(MoO J, oxidation hafnium (HfO J. Tantalum oxide (Ta 2 Q 5 ), tungstic oxide 

(WO ), Magnesium oxide (MgQ ), a calcium oxide (CaO), strontium oxide (SrO), It is 

constituted bv barium oxide (BaO ), a lanthanum trioxide (La 2 Q 3 ), silicon oxynitride (SiP^N^ 

( 0< x<1)), or silicon nitride (SU N 1 ) . 
A manufacturing method of a rare earth permanent magnet characterized by things. 
[Claim 6] 

A manufacturing method of the rare earth permanent magnet according to claim 5 using an 
alkoxide for a raw material at the time of forming said p type semiconductor layer and said 
n type semiconductor layer. 
[Claim 7] 

Said p type semiconductor layer is constituted bv chrome oxide, 

Said n type semiconductor layer is constituted by titanium oxide. 

A manufacturing method of the rare earth permanent magnet acc ording to claim 5 or 6 

characterized by things. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to a rare earth permanent magnet which has a magnet element 
assembly containing a rare earth element and the protective film provided in this magnet 
element assembly, and a manufacturing method for the same. 
[Background of the Invention] 
[0002] 

As a rare earth permanent magnet, the Sm-Co 5 system, the Sm 2 -Co 17 system, the Sm-Fe- 

N system, or the R-Fe-B system (R expresses a rare earth element) is known, and it is 
used as a highly efficient permanent magnet, for example. Among these, as a rare earth 
element, a R-Fe-B system exists more abundantly than samarium (Sm), and neodymium 
(Nd) whose price is comparatively cheap is mainly used for it. 

In addition to the cheap thing, iron (Fe) attracts attention especially from having a Sm-Co 
system etc. and the magnetic performance more than equivalent. 

[0003] 

However, since this R-Fe-B system rare earth permanent magnet contains the rare earth 
element and iron which oxidize easily as the main ingredients, corrosion resistance is 
comparatively low and degradation, dispersion, etc. of performance have been a technical 

problem. 
[0004] 

Forming in the surface the protective film which consists of oxidation-resistant metal etc. for 
the purpose of improving the corrosion-resistant lowness of such a rare earth permanent 
magnet is proposed (for example, refer to the patent documents 1 thru/or patent documents 
7.). 

[Patent documents 1] JP,60-54406,A 
[Patent documents 2] JP,60-63901,A 
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[Patent documents 3] JP.60-63902.A 
[Patent documents 4] JP.61-13453.A 
[Patent documents 5] JP.61-1661 15, A 
[Patent documents 6] JP.61-1661 16, A 
[Patent documents 7] JP.61 -270308, A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0005] 

However, the further improvement was called for although surely the corrosion resistance 
of the rare earth permanent magnet improved by these protective films. For example, the 
protective film of the metal or the alloy currently indicated by the patent documents 1 did 
not pass a neutral salt spray test, but there was a problem that it was difficult to acquire 
sufficient corrosion resistance. 
[0006] 

Mainly since the R-Fe-B system rare earth permanent magnet is constituted including the 
main phase, the rare earth rich phase, and the ************ phase, If a protective film is 
formed using aqueous acids, the rare earth rich phase with it will form a main phase or a 
************ phase, and a local cell, and will be eluted. [ a remarkable oxidation-reduction 
potential and ] [ low ] Since a rare earth rich phase exists in the grain boundary of a main 
phase, a R-Fe-B system rare earth permanent magnet becomes like intergranular corrosion 
according to elution of a rare earth rich phase. Even if it is difficult to cover this corrosion 
portion thoroughly, for example, is electric nickel plating, not less than 10-micrometer 
thickness is needed. Therefore, its thinner one was desirable as it could avoid the thickness 
of a protective film reducing magnetic properties, but since the pinhole was produced in the 
protective film and sufficient corrosion resistance could not be acquired when thickness 
was insufficient, there was also a problem that it was difficult to make thickness thin. 
[0007] 

Putting in practical use is also expected to be able to mass-produce by low cost. 
[0008] 

This invention was made in view of this problem, and the purpose is to provide a rare earth 
permanent magnet which can acquire the magnetic properties which excelled and were 
excellent in corrosion resistance, and a manufacturing method for the same. 
[Means for Solving the Problem] 
[0009] 

A rare earth permanent magnet by this invention is provided with a magnet element 
assembly containing a rare earth element and a protective film provided in this magnet 
element assembly, and a protective film, Laminate a p type semiconductor layer and a n 
type semiconductor layer sequentially from [ this ] the magnet element assembly side, have 
them, and a p type semiconductor layer is constituted by chrome oxide (Cr 2 O J, cobalt 
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oxide (CoO). nickel oxide (NiO), or copper oxide (Cu O), and a n type semiconductor layer, 
Silicon oxide (SiO J, an aluminum oxide (aluminum JDJ. Tin oxide (SnO J, lead oxide (PbO, 
PbO J, bismuth oxide (Bi 2 Q 3 ), Titanium oxide (TiO J, vanadium oxide (V JPJ. Iron oxide 
(FeO, FeO J and cobalt oxide (Co 3 Q 4 ), A zinc oxide (ZnO), zirconium oxide (ZrO J, niobium 
oxide (NbJ3 ), Molybdenum oxide (MoO J, oxidation hafnium (HfO J. Tantalum oxide 

^ O — 

(Ta O ), tungstic oxide (WO J, Magnesium oxide (MgO), a calcium oxide (CaO), strontium 

2 — 5 3 

oxide (SrO), It is constituted by barium oxide (BaO), a lanthanum trioxide (La 2 OJ, silicon 

oxynitride (SiO ^ ( 0< x<1)), or silicon nitride (Si 3 N 4 ). 

[00101 

As for a p type semiconductor layer and a n type semiconductor layer, becoming, 
respectively is more preferred than a noncrystalline semiconductor, and, as for thickness of 
a protective film, it is preferred that it is less than 5 micrometers. 
[0011] 

In a rare earth permanent magnet by this invention, since a p type semiconductor layer and 
a n type semiconductor layer laminate sequentially from the magnet element assembly side 
and are provided, it is controlled by rectification that electrons are emitted from a magnet 
element assembly. Since corrosion of a magnet element assembly takes place when 
electrons are emitted outside and oxidize, thereby, corrosion of a magnet element 
assembly is controlled. 
[0012] 

A manufacturing method of a rare earth permanent magnet by this invention a rare earth 
element to an included magnet element assembly by a chemical-vapor-deposition 
(CVD;Chemical Vapor Deposition) method. Including a process of forming a protective film 
which has a p type semiconductor layer and a n type semiconductor layer sequentially from 
the magnet element assembly side, a p type semiconductor layer is constituted by chrome 
oxide (Cr ^O J, cobalt oxide (CoO), nickel oxide (NiO), or copper oxide (Cu O), and a n type 

2 — 3 _ 

semiconductor layer.Silicon oxide (SiO J, an aluminum oxide (aluminurru OJ Tin oxide 

(SnO J, lead oxide (PbO, PbO J, bismuth oxide (BL OJ, Titanium oxide (TiO J, vanadium 

oxide (V P J, Iron oxide (FeO, FeO J and cobalt oxide (Co 3 Q 4 ), A zinc oxide (ZnO), 

zirconium oxide (ZrO J, niobium oxide (Nb JD J, Molybdenum oxide (MoO J, oxidation 

hafnium (HfO J. Tantalum oxide (TajDJ, tungstic oxide (WO ^), Magnesium oxide (MgO), a 

calcium oxide (CaO), strontium oxide (SrO), It is constituted by barium oxide (BaO), a 
lanthanum trioxide (La 2 Q 3 ), silicon oxynitride (SiO ^ x ( 0< x<1)), or silicon nitride (Si 3 N 4 ). 

[0013] 

For example, it is preferred to use an alkoxide for a raw material at the time of forming a p 
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type semiconductor layer and said n type semiconductor layer. 

[Effect of the Invention] 

[0014] 

According to the rare earth permanent magnet by this invention, laminate sequentially from 
[ this ] the magnet element assembly side, provide a p type semiconductor layer and a n 
type semiconductor layer, and a p type semiconductor layer, It is constituted by chrome 
oxide (Cr J3 A cobalt oxide (CoO), nickel oxide (NiO), or copper oxide (Cu O), and a n type 

semiconductor layer, Silicon oxide (SiO ), an aluminum oxide (aluminum JDJ. The tin oxide 

(SnO J, lead oxide (PbO, PbO J, Bismuth oxide (Bu Og), titanium oxide (TiO J, Vanadium 

oxide (V 2 Q 5 ). iron oxide (FeO, FeO J, and cobalt oxide (Co 3 Q 4 ), A zinc oxide (ZnO), 

zirconium oxide (ZrO ), niobium oxide (N^OJ, Molybdenum oxide (MoQ 3 ), oxidation 

hafnium (HfO ), Tantalum oxide (Ta 2 O c ), tungstic oxide (WO g), Magnesium oxide (MgO), a 

calcium oxide ( CaO), strontium oxide (SrO), Since it was made to be constituted by barium 
oxide (BaO), a lanthanum trioxide (La 2 Q 3 ), silicon oxynitride (SiCH ^ x ( 0< x<1)), or silicon 

nitride (Si „N„), It can control that electrons are emitted by rectification from a magnet 

element assembly, and corrosion resistance can be raised. Thickness of a protective film 

can also be made thin and high magnetic properties can be acquired. 

[0015] 

Since there will be no grain boundary if a noncrystalline semiconductor constitutes a p type 
semiconductor layer and a n type semiconductor layer especially, respectively, 
homogeneity can be improved and higher corrosion resistance can be acquired. Thickness 
of a protective film can also be made thinner. 
[0016] 

Since the chemical-vapor-deposition method was used according to the manufacturing 
method of the rare earth permanent magnet by this invention, an easy and cheaply thin 
good protective film can be formed. 
[Best Mode of Carrying Out the Invention] 
[0017] 

Hereafter, an embodiment of the invention is described in detail. 
[0018] 

Drawing 1 expresses the composition of the rare earth permanent magnet concerning the 1 
embodiment of this invention. This rare earth permanent magnet is provided with the 
following. 

The magnet element assembly 10 containing a rare earth element. 
The protective film 20 provided in the magnet element assembly 10. 

[0019] 
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The magnet element assembly 10 is constituted by the permanent magnet containing a 
transition metal element and a rare earth element. The lantern of yttrium (Y) and a 
lanthanoids, cerium (Ce) in which a rare earth element belongs to three fellows of the long 
period type periodic table, Praseodymium (Pr), neodymium, promethium (Pm), samarium, a 
europium (Eu), It is a general term of 16 elements of gadolinium (Gd), a terbium (Tb), 
dysprosium (Dy), holmium (Ho), erbium (Er), a thulium (Tm), an ytterbium (Yb), and 
lutetium (Lu). 
[0020] 

As a permanent magnet which constitutes the magnet element assembly 10, the thing 
containing one or more sorts of rare earth elements, iron, and boron is mentioned, for 
example. This magnet element assembly 10 is provided with the following. 
It is a main phase of the crystal structure of a pyramidal quadratic system substantially. 
Rare earth rich phase. 

As for the particle diameter of a main phase, it is preferred that it is 100 micrometers or 
less. A rare earth rich phase and a ************ phase are nonmagnetic phases, and mainly 
exist in the grain boundary of a main phase. 0.5 volume %-50 volume % The nonmagnetic 
phase is usually contained. 
[0021] 

As a rare earth element, it is preferred that at least one sort in neodymium, dysprosium, 

praseodymium, and a terbium is included for example. 

[0022] 

As for the content of a rare earth element, it is preferred that it is 8atom%-40atom%. since 
a crystal structure serves as the same cubic organization as alpha-iron by less than eight 
atom %, if high coercive force (iHc) cannot be acquired but 40 atom % is exceeded - rare 
earth — it is because a rich nonmagnetic phase will increase and a residual magnetic flux 
density (Br) will fall. 
[0023] 

As for iron content, it is preferred that it is 42atom%-90atom%. It is because a residual 
magnetic flux density falls that iron is less than 42 atom %, and coercive force will decline if 
90 atom % is exceeded. 
[0024] 

As for the content of boron, it is preferred that it is 2atom%-28atom%. since it becomes that 
boron is less than two atom % with a rhombohedron organization, if coercive force 
becomes insufficient and 28 atom % is exceeded ~ boron - it is because a rich 
nonmagnetic phase increases, so a residual magnetic flux density will fall. 
[0025] 

It may be made for cobalt to replace iron [ some J. It is because temperature characteristics 
can be improved without spoiling magnetic properties. In this case, when the amount of 
substitution of cobalt is expressed with Fe Co , it is preferred that x is within the limits of 
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0.5 or less in an atomic ratio. It is because magnetic properties will deteriorate if there are 

more amounts of substitution than this. 

[0026] 

It may be made to replace a part of boron by at least one sort in carbon (C), Lynn, sulfur, 
and copper. It is because improvement in productivity and low cost-ization can be attained. 
In this case, as for the content of these carbon, Lynn, sulfur, and copper, it is preferred that 
it is below the whole four atom %. It is because magnetic properties will deteriorate if more 

than this. 
[0027] 

For improvement in coercive force, the improvement in productivity, and low-cost-izing, 
aluminum, titanium, vanadium, chromium, manganese (Mn), One or more sorts, such as 
bismuth, niobium, tantalum, molybdenum, tungsten, antimony (Sb), germanium, tin, a 
zirconium, nickel, silicon, gallium, copper, or hafnium, may be added. In this case, as for an 
addition, it is preferred that below the whole ten atom % carries out with the total. It is 
because degradation of magnetic properties will be caused if more than this. 
[0028] 

In addition, oxygen, nitrogen, carbon, or calcium may contain by within the limits below the 

whole three atom % as inevitable impurities. 

[0029] 

What contains the thing containing one or more sorts of rare earth elements and cobalt or 
one or more sorts of rare earth elements, iron, and nitrogen as a permanent magnet which 
constitutes the magnet element assembly 10 is mentioned. Specifically, the thing containing 
samarium and cobalt, such as a Sm-Co 5 system or an Sm 2 -Co 17 system (a number is an 

atomic ratio), or the thing containing neodymium, iron, and boron, such as a Nd-Fe-B 

system, is mentioned, for example. 

[0030] 

The protective film 20 laminates the p type semiconductor layer 21 and the n type 
semiconductor layer 22 sequentially from [ this ] the magnet element assembly 10 side, and 
has them. The p type semiconductor layer 21 and the n type semiconductor layer 22 adjoin, 
it is provided, and pn junction is formed in the interface. Pn junction says the junction by 
which the conduction type is changing from the p type to the n type rapidly (for example, 
**** Akio, Kiichi Kamimura work, "basic semiconductor engineering", Asakura Publishing, 
1985, p62 reference.), and has the rectification by an energy barrier. Thereby, the 
protective film 20 can control that electrons are emitted from the magnet element assembly 
10, and can control corrosion now. 
[0031] 

The whichever may be sufficient although the energy barrier said to the case where an 
energy barrier is formed in both a conducting zone and a valence band, and the interface of 
a valence band as an energy spike may arise in pn junction. An energy spike The 
difference of the energy gap of a p-type semiconductor and an n-type semiconductor, It 
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asks from the difference of electron affinity (for example, ray . Jll . Milnes (A. G.Milnes) and 
day . El . Feucht (D. L.Feucht) work, Yoshio Sakai, Kiyoshi Takahashi, the Moriizumi **** 
joint translation, "semiconductor hetero joint" Morikita Shuppan, 1974, p5 reference.). 
[0032] 

As a semiconductor which constitutes the p type semiconductor layer 21 and the n type 
semiconductor layer 22, respectively, For example, Silicon, boron, germanium, aluminum, 
gallium, indium, tin, lead, bismuth, titanium, vanadium, chromium, iron, cobalt, nickel, 
copper, zinc, cadmium, a zirconium, niobium, molybdenum, hafnium, tantalum, tungsten, 
What contains one sort in the group which consists of magnesium, calcium, strontium, 
barium, a lantern, Lynn, sulfur, arsenic, selenium, oxygen, and nitrogen, or two sorts or 
more as a composing element is mentioned. 
[0033] 

Specifically, for example Element semiconductors, such as a simple substance of silicon 
(Si), a simple substance of boron, or a simple substance of germanium, Compound 
semiconductors, such as gallium arsenide (GaAs), indium phosphorus (InP), a cadmium 
sulfide (CdS), zinc sulfide (ZnS), strontium sulfide (SrS), or zinc selenide (ZnSe), an oxide 
semiconductor, a nitride semiconductor, or an oxidation nitride semiconductor is mentioned. 
Among these, an element semiconductor and a compound semiconductor turn into a p-type 
semiconductor or an n-type semiconductor according to an impurity by adding various 
impurities. Generally, an oxide, a nitride, or an oxidation nitride serves as an n-type 
semiconductor, when a positive ion or negative ion shifts from stoichiometric composition 
slightly according to a Schottky defect or an Frenkel defect, negative ion is superfluous and 
a p-type semiconductor and a positive ion are superfluous. 
[0034] 

Especially, since an oxide semiconductor, a nitride semiconductor, or the oxidation nitride 
semiconductor can form an easy and cheaply good thin film, it is preferred, and especially 
its oxide semiconductor is preferred. 
[0035] 

As an oxide semiconductor, for example Silicon oxide (Si0 2 ), An aluminum oxide 

(aluminum 0 3 ), the tin oxide (Sn0 2 ), Lead oxide (PbO, Pb0 2 ), bismuth oxide (Bi 2 O s ), 

Titanium oxide (TiO ), vanadium oxide (V 2 0 5 ), Chrome oxide (Cr 2 0 3 ), iron oxide (FeO, 

FeO ), and cobalt oxide (Co,0 CoO), Nickel oxide (NiO), copper oxide (Cu O), a zinc 

oxide (ZnO), Zirconium oxide (Zr0 2 ), niobium oxide (Nb 2 0 5 ), Molybdenum oxide (Mo0 3 ), 

oxidation hafnium (HfO ), Tantalum oxide (Ta 2 0 5 ), tungstic oxide (WOg), Magnesium oxide 

(MgO), a calcium oxide (CaO), strontium oxide (SrO), barium oxide (BaO), or a lanthanum 
trioxide (La 0 OJ is mentioned. The chemical formula of the oxide semiconductor shown in 

this specification is a thing of stoichiometric composition, and is actually shifted from this 
presentation slightly. 
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[0036] 

Among these, generally Cr O CoO, NiO, or Cu 2 0 becomes a p-type semiconductor, Si0 2 
and aluminum 2 0 3 , Sn0 2> PbO, Pb0 2 , and Bi 2 0 3 , Ti0 2 , V 2 0 5> FeO, Fe0 2> Co 3 C» 4> 
Generally ZnO, Zr0 2 , and Nb 2 C> 5 , Mo0 3> Hf0 2> and Ta 2 0 5 , W0 3 , MgO, CaO, SrO. BaO, or 
La O serves as an n-type semiconductor. 
[0037] 

As a nitride semiconductor, silicon nitride (Si 3 N 4 ) is mentioned, for example. As an 

oxidation nitride semiconductor, oxidation silicon nitride (SiO N (0< x<1)) is mentioned, 

for example. The chemical formula of the nitride semiconductor shown in this specification 
and an oxidation nitride semiconductor is also a thing of stoichiometric composition, and is 
actually shifted from this presentation slightly. Generally Si N and SiO N (0< x<1) serve 

as an n-type semiconductor. 
[0038] 

Nonmetallic elements, such as metalloid element, such as various metallic elements for 
adjusting the characteristic and boron, or Lynn, may be added by the semiconductor which 
constitutes the p type semiconductor layer 21 or the n type semiconductor layer 22, 
respectively. The p type semiconductor layer 21 and the n type semiconductor layer 22, 
Although it may be made for the semiconductor of the same kind which added a different 
impurity, for example, the silicon which added the impurity, to constitute, respectively, it 
may be made for a different material of a p type oxide semiconductor and a n type oxide 
semiconductor like to constitute, respectively. 
[0039] 

As for the p type semiconductor layer 21 and the n type semiconductor layer 22, being 
constituted by a noncrystalline semiconductor, respectively is preferred. Since a grain 
boundary does not exist, homogeneity can be improved and higher corrosion resistance 
can be acquired, and it is because thickness can also be made thinner. 
[0040] 

It is preferred that it is less than 5 micrometers for example, and if the thickness of the 
protective film 20 is 1 micrometer or less, it is more preferred. It is because magnetic 
properties with the thinner higher one can be acquired. 
[0041] 

This rare earth permanent magnet can be manufactured by laminating the p type 
semiconductor layer 21 and the n type semiconductor layer 22 in order, and forming the 
protective film 20 on the magnet element assembly 10, for example, after forming the 
magnet element assembly 10. 
[0042] 

As for the magnet element assembly 10, it is preferred to form, for example with a sintering 
process as follows. First, the alloy of a desired presentation is cast and an ingot is 
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produced. Subsequently, coarse grinding of the obtained ingot is carried out to the particle 
diameter of 10 micrometers - about 800 micrometers with a stamp mill etc., and also it is 
pulverized to powder with a particle diameter of 0.5 micrometer - about 5 micrometers with 
a ball mill etc. Then, the obtained powder is preferably fabricated all over a magnetic field. 
In this case, it is preferred to set magnetic field intensity to 10 or more kOe, and to make 

2 2 

compacting pressure into 1 Mg/cm - a 5 Mg/cm grade. 
[0043] 

The acquired Plastic solid is sintered at 1000 ** - 1200 ** after it for 0.5 hour - 24 hours, and 
it cools. As for a sintered atmosphere, it is preferred to consider it as inert gas 
atmospheres, such as argon (Ar) gas, or a vacuum. It is preferred after it and in an inert gas 
atmosphere to perform aging treatment at 500 ** - 900 ** for 1 hour - 5 hours. This aging 
treatment is good in a multiple-times line. 
[0044] 

When using two or more sorts of rare earth elements, it may be made to use mixtures, such 
as a misch metal, as a raw material. It may be made to manufacture with what is called a 
quenching method at the time of making it manufacture the magnet element assembly 10 
by methods other than a sintering process, for example, manufacturing a bulk body 
magnet. 
[0045] 

As for the p type semiconductor layer 21 and the n type semiconductor layer 22, forming by 
a chemical-vapor-deposition method is preferred. It is because a good film can be easily 
obtained by low cost. As a chemical-vapor-deposition method, although any of a heat CVD 
method, plasma CVD method, a Cat-CVD method, or the other methods may be sufficient, 
when forming, for example with an oxide semiconductor, it is preferred to form with the 
ordinary pressure heat CVD method which used the alkoxide for the raw material. It is 
because a cheaply good film can be obtained. 
[0046] 

As an alkoxide used for a raw material, for example Si(OC 2 H 5 ) 4 , B(OCH 3 ) 3 , B(OC 2 H 5 ) 3 , 
germanium(OC 2 H 5 ) aluminum(CH 3 COCHCOCH 3 ) 2> aluminum(0-i-C 3 H 7 ) 3 , Ga(0-i- 
C 3 H 7 ) 3 , ln(0-i-C 3 H 7 ) 3 , Sn(0-i-C 3 H 7 ) 4> Pb(0-i-C 3 H 7 ) 2> BKO-t-CgH^) y Ti(0-i-C 3 H 7 ) 4 , 
JiO(CH 3 COCHCOCH 3 ) 2> V(OC 2 H 5 ) 3 , VO(CH 3 COCHCOCH 3 ) y Cr(CH 3 COCHCOCH 3 ) 3 , 
Fe(0-i-C 3 H 7 ) Co(CH 3 COCHCOCH 3 ) 3> Co(CH 3 COCHCOCH 3 ) r nickel(0 2 C 5 H 7 ) 3> 
nickel(CH 3 COCHCOCH 3 ) y Cu(0 2 C 5 H 7 ) 3> Cu(CH 3 COCHCOCH 3 ) 2 , Zn(OC 2 H & ) 2 , Zn 
(CH 3 COCHCOCH 3 ) 2> Zr(0-i-C 3 H 7 ) 4 , Zr(0-t-C 4 H g ) 4 , Zr(0-n-C 4 H g ) 4 , Nb(OC 2 H 5 ) g , Mo 
(OC 2 H 5 ) 5 , Hf(0-i-C 3 H 7 ) 4 , Ta(OC 2 H 5 ) gl W(OC 2 H 5 ) gi Mg(OC 2 H 5 ) 2> Ca(OC 2 H 5 ) v Sr(0-i- 
C 3 H 7 ) 2 , Ba(OC 2 H 5 ) 2 , Metal alkoxides, such as La(0-i-C 3 H 7 ) 3 , P(OCH 3 ) y PO(OCH 3 ) 3 , 
or PO(OC H ) are mentioned. A raw material is chosen according to the kind of 

£. 3 O 
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semiconductor which forms the p type semiconductor layer 21 or the n type semiconductor 

layer 22. 
[0047] 

It may be made to form the p type semiconductor layer 21 or the n type semiconductor 
layer 22 with methods, for example, a sol gel process, or diffusion infiltration processes 
other than a chemical-vapor-deposition method. When forming the p type semiconductor 
layer 21 or the n type semiconductor layer 22, for example with an oxide semiconductor, 
after forming the film of silicon or metal by sputtering etc., air oxidation of saying [ a 
diffusion infiltration process ] is heated and carried out to 200 ** - 500 **. 
[0048] 

It may be made to pretreat before forming the protective film 20. As pretreatment, there is 
activation by degreasing by alkali or degreasing by an organic solvent, the acid treatment 
performed following it, etc., for example. 
[0049] 

In this rare earth permanent magnet, since the p type semiconductor layer 21 and the n 
type semiconductor layer 22 laminate sequentially from the magnet element assembly 10 
side and are provided, it is controlled by rectification that electrons are emitted from the 
magnet element assembly 10. For example, if the case where Cr 2 C> 3 constitutes the p type 

semiconductor layer 21, and Ti0 2 constitutes the n type semiconductor layer 22 is 

mentioned as an example and explained, The Fermi level of Cr 2 0 3 -6.7eV and conducting- 

zone lower end level -3.8eV, Valence-band upper bed level is -8.6eV, and since the Fermi 
level of TiO is -7.7eV, -6.2eV and conducting-zone lower end level -4.7eV and valence- 

band upper bed level, About 0.4-eV energy barrier is formed in a conducting zone, and a - 
1 .8eV notch is formed in a joining interface at a valence band. Therefore, although it is easy 
to flow through current into the n type semiconductor layer 22 from the p type 
semiconductor layer 21 , it is hard to flow into the p type semiconductor layer 21 from the n 
type semiconductor layer 22, and the electron transfer from the p type semiconductor layer 
21 to the n type semiconductor layer 22 is controlled. It is controlled that electrons are 
emitted outside from the magnet element assembly 10 by this, and since the corrosion of 
the magnet element assembly 10 takes place when electrons are emitted outside and 
oxidize, the corrosion of the magnet element assembly 10 is controlled. 
[0050] 

Thus, since the protective layer 20 which laminates the p type semiconductor layer 21 and 
the n type semiconductor layer 22 sequentially from [ this ] the magnet element assembly 
10 side, and has them was formed according to this embodiment, By rectification, it can 
control that electrons are emitted from the magnet element assembly 10, and corrosion 
resistance can be raised. Thickness of the protective film 20 can also be made thin and 
high magnetic properties can be acquired. 
[0051] 
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If an oxide semiconductor constitutes the p type semiconductor layer 21 and the n type 
semiconductor layer 22 especially, respectively, an easy and cheaply good thin film can be 
formed, and improvement in the characteristic can be aimed at easily. 
[0052] 

If a noncrystalline semiconductor constitutes the p type semiconductor layer 21 and the n 
type semiconductor layer 22, respectively, a homogeneous film without a grain boundary 
can be formed, higher corrosion resistance can be acquired, and thickness of the protective 
layer 20 can also be made thinner. 
[0053] 

If the protective film 20 is formed by a chemical-vapor-deposition method, easy and the rare 
earth permanent magnet which starts low cost at this embodiment can be manufactured. 
[Example] 
[0054] 

The concrete example of this invention is described. 
[0055] 

A sintered compact with the presentation of 14Nd-1Dy-7B-78Fe (a number is an atomic 
ratio) created with powder-metallurgy processing, After performing heat treatment of 2 
hours at 600 ** in argon atmosphere, the size of 56x40x8 (mm) was processed, it cuted off 
the corners by barrel finishing processing further, and the magnet element assembly 10 
was obtained. Subsequently, after alkaline degreasing liquid washed this magnet element 
assembly 10, the surface was activated with the nitric acid solution and it rinsed well. 
[0056] 

Then, with the ordinary pressure heat CVD method, the p type semiconductor layer 21 
which consists of 200-nm-thick Cr 2 0 3 , and the n type semiconductor layer 22 which 

consists of 200-nm-thick Ti0 2 were laminated in this order, and the protective film 20 was 

formed in the surface of the magnet element assembly 10. When forming the p type 
semiconductor layer 21 , Cr(C 5 H 7 0 2 ) 3 which is an alkoxide of chromium is used for a raw 

material, Cr(C H OJ , heated at 150 ** and the water heated at 80 ** were supplied to the 

5 7 2 3 

magnet element assembly 10 heated at 430 ** by making the nitrogen gas of 200-cm 3 /min 
into carrier gas. Ti(C 3 H 7 0) 4 heated at 170 ** using Ti(C 3 H 7 0) 4 which is an alkoxide of 

titanium in the raw material when forming the n semiconductor layer 22, The water heated 
at 80 ** was supplied to the magnet element assembly 10 heated at 200 ** by making the 
nitrogen gas of 200-cm 3 /min into carrier gas. This obtained the rare earth permanent 

magnet. 
[0057] 

About the produced rare earth permanent magnet, the humidification elevated-temperature 

examination of 100 hours in a steam atmosphere, 120 **, and 0.2x10 6 Pa was done, and 
corrosion resistance was evaluated. When appearance was inspected with the naked eye, 
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rusting was not seen but sufficient corrosion resistance was acquired. That is, when 
laminating the p type semiconductor layer 21 and the n type semiconductor layer 22 
sequentially from the magnet element assembly 10 side and providing them, it turned out 
that the corrosion resistance excellent in about 400-nm thin thickness can be acquired. 
[0058] 

As mentioned above, although the embodiment and the example were given and this 
invention was explained, this invention is not limited to the above-mentioned embodiment 
and an example, and can change variously. For example, other things may be used 
although the above-mentioned embodiment and the example gave and explained the 
example concretely about the semiconductor which constitutes the p type semiconductor 
layer 21 and the n type semiconductor layer 22. 
[0059] 

Although the above-mentioned embodiment and the example explained the case where it 
had the magnet element assembly 10 and the protective film 20, it may have other 
components other than these further. For example, it may have other films between the 
magnet element assembly 10 and the protective film 20 or on the protective film 20. 
[0060] 

Although the above-mentioned embodiment and the example explained the case where the 
protective film 20 had the p type semiconductor layer 21 and the n type semiconductor 
layer 22 in order, it may have other components other than these further. 
[Industrial applicability] 
[0061] 

The rare earth permanent magnet by this invention can be used conveniently for the motor 
for electromobiles, the motor for hybrid cars, the motor for robots, the motor for hard disk 
voice coils, the motor for optical pickups, or a spindle motor. 
[Brief Description of the Drawings] 
[0062] 

[Drawing 1]lt is a sectional view showing the composition of the rare earth permanent 
magnet concerning the 1 embodiment of this invention. 
[Description of Notations] 
[0063] 

10 [ - N type semiconductor layer. ] - A magnet element assembly, 20 - A protective film, 
21 - A p type semiconductor layer, 22 
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